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Bending Members 


Laterally Unsupported and 
Noncompact 
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Limit States for Flexure 


Plastic Flexural Capacity 
ohear Capacity 
Deflection 


Only limited to these three limit states when 
compression flange is laterally braced and 
beam is compact. 


What if the compression flange isn't braced? 
What if there is a local buckling issue? 
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Limit States for Flexure 


e Plastic Flexural Capacity 

* Global Buckling 
° Inelastic lateral torsional buckling 
* Elastic lateral torsional buckling 

* Local Buckling 

* Width-thickness ratios for web and 

Shear Capacity 

Deflection 
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Limit States for Flexure 


e Plastic Flexural Capacity 
e Global Buckling 
• Inelastic lateral torsional buckling 
e Elastic lateral torsional buckling 
* Local Buckling 
e Width-thickness ratios for web and flanges 
° Shear Capacity 
е Deflection 
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What is Lateral 
Torsional Buckling? 


e [he compression zone of the 
section buckles if not 
restrained 


* Fora simply supported WF 
that is the top flange and, to a 
varying extent, the web 

e Fora cantilevered WF that is 


the bottom flange and, to a 
varying extent, the web 
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Beams experience Lateral Тогвіопа! 
Buckling (LTB), due to buckling of the 
compression flange of a beam 


Onset of Lateral 
Torsional Buckling 
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Elastic LTB 
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How Is Lateral Torsional Buckling 
Prevented? 


e Headed steel studs 
welded to the beam flange 
harden in the concrete fill 
which provides continuous 
stability 


hod. o 


e Connections from 
perpendicular framing 
beams provide discrete 
points of stability 
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Example of ап Unbraced Beam 
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Transitions п Flexural Capacity due to 
Global Buckling 


= 


Flexural Capacity, M, 


L, Ë 


L.T.B. = lateral 
torsional buckling Laterally Unbraced Length, L, 
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Transitions п Flexural Capacity due to 
Global Buckling 


No L.T.B. Inelastic L.T.B. Elastic L.T.B. 


= 


Flexural Capacity, M, 


Ë Ë 


p r 


L.T.B. = lateral 
torsional buckling 


Laterally Unbraced Length, L, 
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F2. 


DOUBLY SYMMETRIC COMPACT I-SHAPED MEMBERS AND 
CHANNELS BENT ABOUT THEIR MAJOR AXIS 


This section applies to doubly symmetric I-shaped members and channels bent 
about their major axis, having compact webs and compact flanges as defined in 
Section B4.1 for flexure. 


User Note: All current ASTM A6 W, S, М. C and MC shapes except W21x48. 
W14x99, W14x90, W12x65, W10x12, W8x31, W8x10, W6x15, W6x9, 
W6x8.5 and M4x6 have compact flanges for F, = 50 ksi (345 MPa); all 
current ASTM A6 W, S, M, HP, C and MC shapes have compact webs at 
F, € 65 ksi (450 MPa). 


The nominal flexural strength, Ми, shall be the lower value obtained according to the 
limit states of vielding (plastic moment) and lateral-torsional buckling. 


Yielding 


М, = M, = Ғ,%, (F2-1) 
where 


F, — specified minimum yield stress of the type of steel being used, ksi (MPa) 
Z, = plastic section modulus about the x-axis, іп. (mm) 


2. Lateral-Torsional Buckling 


(a) When Lp < Lp, the limit state of lateral-torsional buckling does not apply. 
(b) When Lp < Lp SL, 


Ms cjm, -(M, -07F,S, =] « M, (F2-2) 
r^ Lp 
(c) When Lp > L, 
М, = Fe S, S M, (F2-3) 


where 


Lp = length between points that are either braced against lateral displacement of 
the compression flange or braced against twist of the cross section, in. (mm) 


2 2 
E, = EE jp org Al № (F2-4) 
| Lp S h, \ Ns 
һу 


апа where 
Е = modulus of elasticity of steel = 29,000 ksi (200 000 MPa) 
J = torsional constant, іп. (mm?) 
5, = elastic section modulus taken about the x-axis, in. (mm?) 
h, = distance between the flange centroids, in. (mm) 


The limiting lengths L, and L, are determined as follows: 
E 
Гр = 1.76ғ, — (Е2-5) 
(қ 


Е p? 
f 2 + +6.76| — (F2-6) 


0.7F, 


TE. (F2-7) 
ns = = 
ts 5, 
and the coefficient с is determined as follows: 
(a) For doubly symmetric I-shapes: c = 1 (F2-8a) 


(b) For channels: c=% а (F2-8b) 
| " 


User Note: The square root term in Equation F2-4 may be conservatively taken 
equal to 1.0. 


User Note: Equations F2-3 and F2-4 provide identical solutions to the following 
expression for lateral-torsional buckling of doubly symmetric sections that has 
been presented in past editions of the AISC LRFD Specification: 


мот а(х) LO. 
E i 


The advantage of Equations F2-3 and F2-4 is that the form is very similar to the 
expression for lateral-torsional buckling of singly symmetric sections given in 
Equations F4-4 and F4-5. 


User Note: For doubly symmetric I-shapes with rectangular flanges, Cy = Iho 
and thus Equation F2-7 becomes 4 
2 № 
= 25, 
r,s may be approximated accurately and conservatively as the radius of gyration 
of the compression flange plus one-sixth of the web: 
by 


Ns = 


І2 14 Ж ht, 
6 byt; 


Global Buckling Limits 


1. Inelastic LTB (L. < L, < L.) 
M, -C,| M,- (M, -0.7F,) b-h, eM (Eq F2-2) 
n b p p “су L,-L, = oH q 


6,M, = C,[ 6,M, -&,BF(L,-L,)| SM, (pg 3-9) 
Table 3-2 


2. Elastic LTB (L, > L.) 


M,-FP,5,S M, (Eq F2-3) 
where F,, per Eq F2-4 
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Table 3-2 (continued) 
Е, = 50 ksi W-Shapes 
Selection by Z, 


W30x116 
М/21х147 
W24x131 
W18x158 
W14x193 
W12x210 


W30x108 
W27x114 
W21x132 
W24x117 
W18x143 
W14x176 
* Shape does not meet the h/t, limit for shear in AISC Specification Section G2.1(a) with F, = 50 ksi; 
therefore, ф, = 0.90 and Qy = 1.67. 
Qp = 1.67 | фь= 0.90 
y= 1.50 oy=1.00 


The Moment Gradient (C,) 


e C, is a coefficient used to account for the 
effect of moment gradients on LTB 

* End restraints change the moment diagram 
of the beam so that the effective length of 
the "compression" element of a beam may 
change 

e C, is needed because all calculations and 


tables are based on a case with uniform 
moment, where C, = 1.0 
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The Moment Gradient (C,) 


Мо A, Me 
Loading 


~ — 
— — 7 
u$ д -- 
— — — — — — 


^ EMIT Moment diagram 


| (a) No Gradient “> Сь=1) 


Loading 
Мо 


сщ 
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The Moment Gradient (C,) 


(3) For singly symmetric members in single curvature and all doubly symmetric 
members: 


Cp. the lateral-torsional buckling modification factor for nonuniform moment 
diagrams when both ends of the segment are braced is determined as follows: 


C, = 12.5 M max (1-1) 
2.5M max + ЗМА +4Мв+3Мс 
where 

М „ах = absolute value of maximum moment in the unbraced segment, kip-in. 
(N-mm) 

MA = absolute value of moment at quarter point of the unbraced segment, 
kip-in. (N-mm) 

Mg = absolute value of moment at centerline of the unbraced segment, kip- 
in. (N-mm) 

Mc = absolute value of moment at three-quarter point of the unbraced seg- 


ment, kip-in. (N-mm) 


For cantilevers or overhangs where the free end is unbraced, Cp = 1.0. 
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The Moment Gradient (C,) 


M, -(M, -0-7FSS,) Lb, м 
p p ` > LL zu. 
۴ Р 


Influence of 
С, 


Nominal moment, M, 
< 


Г, L 
Unbraced length, Lp 


Figure 6.14 
@ John Wiley & Sons, Inc. All rights reserved. 
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ТаЫе 3-1 
Values of С, for Simply Supported Веатз 
= rm 
Along Span 


None | 


Laad at mapori 


A load points 


symmetricaty placed 


— bracing point 


— - - IL] 


At fifth points 


Note: Lateral bracing must aways be provided at points of support per MSC Specification Chapter F 


Limit States for Flexure 


e Plastic Flexural Capacity 
° Global Buckling 
• Inelastic lateral torsional buckling 
e Elastic lateral torsional buckling 
* Local Buckling 
e Width-thickness ratios for web and flanges 
° Shear Capacity 
е Deflection 
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Local Instability 


Buckling of one of the compression 

elements of the x-section. 

e Flange Local 
Buckling 


e Web Local 
Buckling 


РГЕ 


И, 


= w ` Ч 


Stroke = 5 


ы oon E 
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Local Instability 


e Whether a member is subject to а | ЕШ БЕШТ. 


local instability is a function of the 
width-thickness ratio of the 
elements that can buckle: 


e Flange Local Buckling 


a= 


* Web Local Buckling Ly 
1 = j^ 
D 222222227227? 
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Checking the Ratios 


* Limiting width-thickness ratios are function of: 
* geometry of the shapes 
* yield stress of the steel 
е Shapes can be classified as: 
* Acompact shape is not subject to local buckling. 
* Anon-compact shape is subject to inelastic local 
buckling after initial yielding. 
* Aslender shape is subject to elastic L.B. 
* Local buckling will limit the moment capacity that 
can be reached by the member, regardless of L, 
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Classification of Sections for 
Local Buckling 


Limiting 
(À) Width-to-Thickness Ratio 
Width-to- Xp А, 
Description of Thickness | (compact/ | (noncompact/ 
Element Ratio noncompact) slender) Examples 


Flanges of rolled 
|-shaped sections, 
channels, and tees 


Webs of doubly- 
symmetric |-shaped 
sections and 
channels 


opec Table B4.1b 
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Effect on Flexural Capacity due to Local 
Buckling 


hel 

r— Àp‏ ي 

5 

5 М = DERS 
= " )2 

а a sa 

£ 

б 

e 


(Plastic) 
Compact 


(Inelastic) 
Noncompact 


(Elastic) 
Slender 


Flange slenderness, À = 2 


Ғідиге 6.18 
© John Wiley & Sons, Inc. All rights reserved. 


UCLA CEE 141 - STRUCTURAL STEEL DESIGN 


Maximum Flexural Capacity for 


Noncompact Sections 


e Maximum moment capacity limited, 
regardless of LTB capacity: 
e For WF beam with noncompact flanges: 


ДЕ 
M,=M,-(M, лкы. = 
e WF beams with slender flanges, or 
noncompact/slender webs trigger additional 
checks. (Not covered in this class). 
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Effect of Noncompact Section on 
Moment Capacity 
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Design Checks for Flexure 


1. Lateral Torsional Buckling 


е Checked for adequate lateral support of the 
compression flange. 


2. Flange Local Buckling 
e Checked with b,/2t, ratio. 


3. Web Local Buckling 
e Checked with h/t, ratio. 

4. Formation of Plastic Moment 
e M, S ФМ, 
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Do We Need All These Equations? 


e Refer to AISC 
е Section Properties 
* Table 1-1: width-thickness ratios, S, |, Z 
e Beam Tables 
. Table 3-2: select most economical size based on Z, 
e Table 3-3: select most economical size based on 1, 


e Table 3-10: select most economical size for particular 
unbraced length 


— Note: compactness of section is considered in tables 
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/ Table 3-10 (continued) 


Beam Tables 
Based on 
Strong Axis 
Strength & 
Unbraced 
Length 


е Actual unbraced 
length (L,) of the beam 


is accounted for 


° Very commonly used 
| table 


W-Shapes 
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Shapes 


W 


Moment vs. Unbraced Length 
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W-Shapes 


Moment vs. 


ilable 


Ava 


Unbraced Length 
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Unbraced Length (0.5-ft increments) 
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Table 3-10 (continued) 
W-Shapes 


| Kpft | kip-ft | 
1200 
1185 


1170 
1155 


Unbraced Length (0.5-ft increments) 
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Shapes 


W 


Unbraced Length (0.5-ft increments) 


Table 3-10 (continued) 
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Questions? 
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Example Problem 


e Design the most efficient typical interior WF beam. 
e Design the most efficient typical interior WF girder. 


e Assumptions: 
— Floor Plans are on the following page 
— Floor Loading: Dead = 100psf, Live = 40 psf (reducible) 
— Self weight of the members is included in the dead load 
— А992 Steel 


- Beam compression flanges are unbraced 


— Girder compression flanges are braced only at beam 
connection locations 


— Deflection Limits: Dead + Live = L/240, Live = L/360 
— Live Load Reductions: L = L,[0.25+15/sqrt(K,, Ат)], L=0.50L, 
(ASCE 7-05 4.8) 
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Example Problem 


Floor Framing Plan 
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